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ABSTRACT 


Fifteen volunteer male subjects participated in an eight week 
program using hydraulic resistive equipment. They were compared to a 
normal group consisting of fifteen male subjects. Each subject under- 
went a pre-test and post-test designed to measure aerobic power, 
muscular strength at two pre-selected angular velocities and muscular 
endurance. 

The experimental group showed a 27 percent (p < 0.005) improvement 
in maximal oxygen uptake while the normal group did not change in pre- 
to post-test. The difference between the post-test means was significant 
(p < 0.05). When the data was normalized the A percentage change was 
Significant (p < 0.001). Similar results (26 percent, p < 0.05) were 
noted when the data was expressed independent of body weight (e.g., 
liters/min of oxygen). The normalized A percentage change was significant 
(p < 0.001). Minute ventilation improved 16 percent from pre- to post- 
test which was not significant; however, the difference between post- 
test means was significant (p < 0.05). The normalized data was signifi- 
cant (p < 0.05). 

Muscular strength was measured during maximal knee flexion/extension 
of the right leg at angular velocities of 30° and 60° per second. At 
30° per second, the experimental group improved 20 percent (p < 0.005) 
during extension and 23 percent (p < 0.005) during flexion in pre- to 
post-test means. The normal group demonstrated comparable improvement 
(p < 0.01). As a result the post-test means were not significantly 
different. The normalized A percentage change was significant (p < 0.01) 
for extension. At 60° per second the experimental group improved 19 


percent (p < 0.01) during extension and 28 percent (p < 0.001) during 
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flexion in pre- to post-test means. Improvements in the normal group 
resulted in nonsignificant (N.S.) post-test means. The normalized A 
percentage change was also not significant for extension or flexion. 
Muscular endurance was measured in terms of total work and total 
work per second at an angular velocity of 180° per second until 50 percent 
drop-off. In terms of total work, the experimental group showed a 29 
percent (p < 0.001) improvement in extension and a 35 percent (p < 0.001) 
improvement in flexion. The normal group did not change significantly. 
When the data was normalized the A percentage change was significant 
(p < 0.05) for flexion and not significant for extension. In total 
work per second, the training group improved 39 percent (p < 0.001) in 
extension and 47 percent (p < 0.001) in flexion in pre- to post-test. 
The normal group did not change in extension but had significant changes 
(p < 0.05) for flexion. Post-test means were significant (p < 0.05) for 
extension and flexion. The normalized data demonstrated significant 


(p < 0.01) for extension and flexion. 
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CHAPTER I 
STATEMENT OF THE PROBLEM 


Introduction 

Traditional weight lifting has not been considered one of the more 
effective forms of exercise with respect to improving cardio-respiratory 
function. Keul (1) has indicated that this is due to the relatively 
low heart rates which occur during traditional high resistance, low 
repetition weight lifting regimens. However, Byrd et al. (2) demon- 
strated that the cumulative effect of repeated lifting during weight 
training programs can produce heart rates in excess of those which 
have served as an adequate stimulus for eliciting a training response 
during running programs (3, 4). Byrd et al. concludes that the 
reported lack of cardiovascular adaptations in previous weight training 
studies might have been the result of the limited training program 
duration or to the use of inappropriate exercise tests to evaluate the 
cardiovascular effects of weight training. 

Circuit weight training is a form of physical conditioning that 
combines the benefits of weight lifting and the cardio-respiratory 
gains associated with circuit training (5). Fox (3) described it as 
an effective training technique for improving muscular strength, muscu- 
lar endurance and to a lesser extent, flexibility and cardio-respiratory 
endurance. The influence of circuit weight training on cardio-respir- 
atory endurance has aroused a great deal of interest among researchers 
(6, 7, 8, 9, 10). These studies have reported conflicting results, 
but, for the most part, have eeaericed that weight lifting was not an 


effective means of improving cardio-respiratory efficiency. 
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Other research has been carried out on resistance training equip- 
ment emphasizing isokinetic exercise (11, 12, 13). Several variable 
resistance exercise systems have been developed in an effort to make 
the best practical use of training principles. The Hydra-Gym" hydraulic 
resistive exercise apparatus is a recent design. Hydraulic resistive 
apparatus provide a self accommodating variable, isokinetic-like 
resistance at any joint angle throughout a range of motion and at what- 
ever speed the user moves. This is made possible by the use of 
hydraulic cylinders. The hydraulic cylinders with ranked settings "1" 
through "6" can be adjusted to vary the resistance. This is done by 
changing the aperture size through which hydraulic fluid must flow as 
the lever arm moves; the faster the lever arm moves, the greater the 
resistance. The manufacturer (14) claims that while the valves are 
pre-set, the rate at which the limb moves against the resistance of 
the cylinder is determined not so much by the machine as it is by the 
contractile properties of the user's muscle fibers and the muscle groups 
that those fibers constitute. Consequently, at a given valve setting, 
if the user attempts to move as rapidly as possible, optimal resistance 
overload with each repetition should occur. Even as the muscle fatigues, 
the effective resistance overload remains the same. Thus the user 
achieves optimal resistance overload at the beginning of the set when 
the muscles are at the peak of their energy level and also at the end 
of the set when the muscles are fatigued. The basic differences between 
hydraulic resistance and isokinetic resistance is that the hydraulic 


resistance machine is not pre-set to a constant velocity as in an 


THydra-Gym Canada Ltd., 25 Woodbine Courts, Sherwood Park, Alberta, 
T8A 4B1. 
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isokinetic exerciser. The manufacturer describes the exercise as omni- 
kinetic - a form of variable resistance exercise that allows for optimal 
self accommodating resistance and which is dependent upon the muscles 
contractile properties. 

This system may have practical advantages in conditioning the cardio- 
respiratory system since anything from low power output with small 
muscle groups to ultra-high concurrent power outputs with larger muscle 
groups can be achieved (11). For example, a training program designed 
as a circuit using hydraulic resistive equipment and minimum rest period 
between stations may stimulate cardio-respiratory improvement as well 


as muscular strength and endurance improvement. 


Statement of the Purpose 


The primary purpose of this study was to critically examine the 
training effect of an eight week program of circuit training using 
hydraulic resistive apparatus on a commonly used indicator of cardio- 
respiratory fitness maximal oxygen uptake (VO,max). 

A secondary purpose of the study was to examine changes in muscular 
strength and muscular endurance of the quadricep and hamstring muscle 


groups as a result of eight weeks of training. 


Significance of the Study 


The present study examined the effects of an eight week program of 
hydraulic resistive exercise on cardio-respiratory fitness, muscular 
Strength and muscular endurance. This may have practical significance 
as a training program which may attend to several of the components of 
physical fitness when considering the varying circumstances under which 
people are employed in the Canadian Forces. An example of this may be 


in the Navy or in isolated circumstances where limited space and 
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inhospitable weather conditions become a deterrent to physical activity. 


Limitations 
The investigator could not control: 
1. the subjects' motivation during testing and training; 


2. the subjects' diet during the course of the study. 


Delimitations 
The study was restricted to: 
1. thirty male subjects, 18-35 years of age; 


2. specific training program and equipment (see Methods). 


Operational Definitions 
Maximal Oxygen Uptake: refers to the maximal volume of oxygen which is 


consumed per minute (liters/min or ml/kg/min) during a progressive 
exercise. During a continuous bicycle ergometer test, it was a 
point where there was an increase of less than 80 ml/min in VO, 
measurement in two successive readings or when the subject could 
no longer continue due to fatigue. 

Circuit Training: refers to a specified number of exercise stations 
where exercises are performed in a Specified order and time using 
hydraulic resistive units (see Method). 

Muscular Strength: refers to the force that a muscle or muscle group 
exerts against a resistance in one maximal effort as measured on 
Cybex II during knee extension and flexion at 30° and 60° per 
second angular velocity (see Methods). 

Muscle Endurance: refers to the ability of the muscle to contract 
continuously and/or repeatedly against a constant resistance, while 


moving through a range of motion as measured on Cybex II during 
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knee extension and flexion, at 180° per second angular velocity 
until 50 percent of the maximal torque volume was reached (see 


Methods ). 
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CHAPTER II 
METHODOLOGY 


Subjects 


The subjects were 30 male military personnel from Canadian Forces 
Base Edmonton. The majority of the subjects were fire fighters or 
other support personnel who volunteered to participate in this project. 
The subjects ranged in age from 18-35 years with a mean age of 26.06 
years. During the study, the experimental subject group was asked to 
refrain from any systematic or vigorous activity other than that associ- 
ated with the experiment or with the normal performance of their 
military duties. The normal subject group was asked to refrain from any 
contact with the experimental equipment. They were asked to refrain 
from starting any new systematic or vigorous activity during the course 
of the study, if they were not currently involved in a training program. 
Although there was no attempt to control the diet of either the experi- 
mental or control group they were asked not to change their diet 
drastically throughout the study. All test subjects had been medically 
Screened by a physician within the month preceeding the study. Prior to 
commencing the pre-test, each subject completed the "Par Q, Health 
Appraisal Form" (Appendix C) in order to provide additional information 
on lifestyle and exercise habits. All subjects were required to complete 
the "Consent Form for Exercise Test" and the "Consent Form for Partici- 


pation in Training Program" (Appendix C). 


Testing Sessions 


All subjects completed one pre-test and one post-training evaluation 


test battery. All tests were carried out at the University of Alberta 
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Physical Education Department and the Research and Training Centre for the 
Physically Disabled. Prior to the pre-test, a familiarization session was 
carried out at the Canadian Forces Base. During this meeting, all test 
subjects were informed of testing and training protocols. Test subjects were 
familiarized with the test equipment, with the exception of the Cybex II 
equipment. The bicycle ergometer protocol was introduced. Each subject 
performed a familiarization ergometer ride in accordance with the test 
protocol, using a nose clip and a mouthpiece. All other pre-test 
administration was completed at this time. 

The physical activity questionnaire (Par Q) was administered and 
the "Consent for Participation in a Training Program" and "Consent for 
Exercise Testing" forms were reviewed and signed by the subjects at 
this time. Although the control of dietary habits is considered a 
limitation of this study, test subjects were reminded of the importance 
of a normal and complete diet. In order to emphasize its importance, 
each subject was provided with a copy of the Canada Food Guide. The 
subjects completed a simulated maximal oxygen test. Each subject was 
issued a test/training advisory (15) (Appendix D). There was a minimum 
of 48 hours separating the pre-test familiarization and the pre-test. 
The test batteries included measurement of maximal oxygen consumption 
on the Beckman Metabolic Measurement Cart’ and the measurement of maximal 
knee extension flexion torque and local muscle endurance (LME) on 
Cybex 11’? at the specific angular velocities. All tests were performed 
under standardized conditions. The temperature ranged from 22.0 - 25.5° C. 


Subjects were requested not to smoke, eat, drink coffee or tea, for a 


T Beckman Metabolic Measurement Cart (MMC) (Beckman Instruments, Advanced 


Technology Operations, Anaheim, California). 
te Cybex II Dynamometer, Lumex Inc. (Bay Shore, New York, 11779). 
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period of 1.0 hour prior to testing (Appendix D). They were also advised 
not to perform vigorous exercise for a period of 48 hours prior to test- 
ing. Test schedules were arranged so that each subject was tested at 


the same relative time of day, pre- and post-treatment (15). 


Testing Procedure 
Maximal Oxygen Consumption 


Oxygen consumption was measured by the Beckman Metabolic Measurement 
Cart while the subject rode a Monark cycle ergometer. The metabolic 
cart read-out included expired volume, oxygen consumption in liters per 
minute and milliliters per kilogram per minute, respiratory quotient, 
percent oxygen and percent carbon dioxide. Volumes were corrected by 
the integrated computer system for Standard Temperature and Pressure, 
dry (STPD) and Body Temperature and Pressure Saturated with water vapour 
(BTPS). Electrocardiograph (ECG) leads were attached to the subject in 
addition to the Exersentry heart rate monitoring device. The measure- 
ment of maximal oxygen pone aig eran was carried out in accordance with 
the Modified McArdle Continuous Bicycle test (16). The test protocol is 
outlined in Appendix 8. The criterion that VO,max has been achieved was 
that V0. showed an increase of less than 80 ml/min when measured in 
two consecutive measurements or when the subject could no longer continue 
due to fatigue. Heart rate was continuously monitored on the Exersentry. 
Oxygen uptake on the Beckman was monitored every 30 seconds. An ECG 
trace was recorded continuously for, at least, the last minute of 
exercise in order to determine and record the individual's maximum heart 
rate. During the recovery period the subject pedalled with minimal 
resistance for two to five minutes in order to allow a cool down period. 


Heart rate was monitored until it had dropped to 100 bpm. 


T Respironics (HK) Ltd., 38 Hung To Road, Kwon Tong, Kowloon, Hong Kong. 
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Maximal Knee Extension-Flexion Torque and Endurance on Cybex II 


One hour and thirty minutes after the completion of the maximal 
bike ride, all subjects completed maximal knee extension and flexion of 
the right leg. Each subject contracted maximally in both directions at 
an angular velocity of 30° per second and later at 60° per second. 
Each test was separated by a five minute rest period. Fifteen Rinutes 
later the muscular endurance test was completed. All subjects exercised 
at 180° angular velocity, until 50 percent of the maximal torque was 
reached. Five submaximal practice trials were permitted to allow the 
Subjects to experience the accommodating resistance. The subject was 
seated in the chair and was instructed not to hold the sides. Straps 
were applied just above the ankle to secure the lower leg to the machine 
and across the thighs to secure the thigh to the chair. The subject then 
completed extension (starting with knee at 90° and ending with knee at 
0°) and flexion (starting with knee at 0° and ending with knee at 90°) 
movements. All subjects completed warm-up exercises to stretch the 
quadricep and hamstring muscle groups prior to the testing. Peak torque 
and rate of fatigue were determined from the chart recordings. Throughout 
the testing, the subjects were verbatly encouraged to extend and flex the 


knee as fast as possible. 


Training 

The training program consisted of a circuit of eight exercise 
Stations utilizing Hydra-Gym hydralic resistive equipment. All of the 
training equipment was rented from the manufacturer. The training equip- 
ment was placed in a training room located in the Firehall at the 
Canadian Forces Base. The following stations were included in the program: 


1. Jump Squat (legs) 
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Bench Press (arms) 
Adducter/Abducter (hip) 
Biceps (triceps) 


Hip Flexion (extension) 


no Oo FPF WD PF 


Upright Row (tricep extension) 

7. Unilateral Quadricep (hamstring) 

8. Incline Shoulder Press (lateral pull) 
The training group performed the exercises in the order as listed, but they 
were initially permitted to start the program at any station in the circuit. 
Subsequent workouts commenced at the next station on the list. The 
exercise stations were organized to alternate upper and lower body 
exercises. The training subjects were paired and provided with a train- 
ing card as shown in Appendix E. 

Each training pair completed 3 sets at each exercise station. Each 
Subject wore an Exersentry heart rate monitoring device. As one subject 
exercised, the number of repetitions and the heart rate immediately before 
and after the exercise bout were recorded. All of the data collection 
was done by a third individual designated to observe the training session. 
All work:relief ratios were defined by an exercise music tape which 
signalled the start of exercise, stop of exercise and the length of the 
rest periods. For each exercise during the first four weeks, the subjects 
completed as many repetitions as possible in 20 seconds. This training 
protocol was followed by a 40 second rest period. After week four the 
subjects completed as many repetitions as possible in 30 seconds, 


followed by a 50 second rest. 


- 


Individual progression was based on the number of repetitions 
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completed in the exercise period and in accordance with the manufacturer's 
recommended schedule (Appendix F). For the first training session, the 
resistance cylinder selectors were placed at settings "1", "5", and "3" 
for the three sets of exercise completed at each station. Each repetition 
was counted and individual performance was recorded on the training card 
(Appendix E). After each session the individual's results were assessed 
and new training cards prepared for the next workout indicating the new 
cylinder setting (i.e., if on station number 1 [Appendix E] cylinder 
selection "1", "5", and "3", the subjeet completed 20, 12, and 16 
repetitions [Appendix F] during the first workout, the training card 
would be amended to reflect cylinder selection "2", "6", and "4" for the 
next workout. This would be carried out for every station in the 
Circuit). After each training session, the training cards were evaluated. 
This process continued until the subjects reached cylinder selection "6", 
"6", and "6" or until there was no further improvement. After week four 
and the increase in work:relief ratio to 30:50 seconds, all resistance 
Selectors were returned to "1", "5", and "3" for the three sets. 
Individual progression was based on the performance criteria outlined in 
Appendix F and as previously described. 

Prior to the start of the training session, all subjects partici- 
pated in a 2 minute warm-up period, emphasizing various stretching and 
calesthenic exercises. The last 30 seconds of the warm-up involved a few 
repetitions at the starting station of the circuit. These were performed 
at about half the speed that the subject would use if he were making an 
all-out effort. Upon completion of the training session the subjects 
participated in a cool-down period of 5 minutes duration. Everyone was 


observed until heart rates were below 100 bpm. 
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The program was carried out over an eight week period with 7 work- 
outs every two weeks performed on an alternate day basis. The investigator 
supervised all training sessions. The subjects were encouraged to make 
maximal efforts, by the lively music, by their training partner, and by 


the tester. 


Statistical Analysis 


Each dependent variable was analyzed by a 2-way analysis of variance 
with repeated measures. The University of Alberta Department of 
Educational Research ANOV 26 program was used for the analysis. The 
difference between selected means was tested for statistical significance 
by a Scheffe test on an a priori basis (17, 18). 

Pre-training t-tests were completed using the University of Alberta 
program SPSS (Statistical Package for the Social Sciences) on each of 
the dependent variables in order to ensure that the two groups were not 
Significantly different before treatment. The level of significance was 


set at p < 0.05. 
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CHAPTER III 
RESULTS 


Pre-Program t-Tests 


The pre-program t-tests demonstrated that the experimental and 
normal group pre-test means were not significantly different for any of 
the dependent variables (p < 0.05). The results of the t-tests for a 


difference between two independent means are contained in Appendix G. 


Ventilation Measures 

During the pre-test measurement of maximal oxygen uptake (VO,max), nine 
normal and ten experimental subjects achieved the primary objective 
criteria for attainment of VO,max (i.e., an increase of less than 80 ml1/ 
min in VO. measurement in two successive measurements). During post- 
test measurement, eleven normal and twelve experimental subjects achieved 
this goal. The remainder were considered to have attained VO,max 
because they were exhausted and had respiratory exchange ratios greater 
than unity. 

Appendix H provides a summary of the two-way analysis of variance 
for repeated measures and Scheffe test for pre- and post-test means. 
Comparing the differences between the means for the experimental and normal 
group, a 27 percent increase was observed in VO,max (p < 0.005) in the 
experimental group from pre- to post-test while the normal group exper- 
jenced no change. The difference between the experimental and normal 
group was found to be significant at .05 level for post-test means 
(Appendix H, Figure 1). When the data was normalized, the A percentage 
change was significant (p < 0.001). Similar observations (26 percent 


increase) were noted when the ventilatory data was expressed independent 
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of body weight in liters of oxygen per minute (p < 0.05) (Appendix H, 
Figure 2). The normalized A percentage change was significantly different 
(p < 0.001). 

In addition, the training program resulted in a 16 percent increase 
in minute ventilation maximum (Vmax ) between pre- and post-test. The 
difference between the post-test means (p < 0.05) was found to be signifi- 
cant (Appendix H, Figure 3). The same level of significance was demon- 


Strated when the data was expressed in terms of A percentage change. 


Heart Rate Responses During Training 


During all of the training sessions, the subjects' heart rates were 
monitored. Heart rate was recorded immediately prior to the commencement 
of the exercise period and immediately after the exercise bout, on the 


training card (Appendix E). As a result, heart rate was recorded 48 times 


throughout the exercise period. In order to compute the percent of maximum 


heart rate achieved during the training session, the pre-exercise heart 
rates were averaged with the post-exercise heart rates and divided by the 
maximum heart rate achieved during the continuous maximal test achieved 
during pre-test on the ECG. The results were computed after each workout 
and individual and group results were provided to the training group. 
Group means for the experimental group are provided in Table 1. 
TABLE 1 
WEEKLY GROUP MEAN FOR HEART RATE RESPONSE DURING 
TRAINING FOR THE EXPERIMENTAL GROUP 


Total Number Group Pre-Test 


of 4 Maximum Group Percent Maximum Heart Rate Week Number 
Training Heart Rate 
Sessions 1 2 3 4 5 6 7 8 
27 181.61 Cora Sen Oe G2.4 a Ol, ON e2k5 HSls8s 7970 80es 
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Strength Measures 


Muscular strength was measured during maximal knee extension and 
flexion of the right leg at angular velocities of 30° and 60° per second. 
The experimental group during extension at 30° per second angular velocity 
improved their performance by 20 percent (p < 0.005) between pre- and 
. post-test while the normal group did not show significant change. The 
difference between the post-test means for the experimental and normal 
Subjects was significant at the 0.05 level (Appendix H, Figure 4). When 
the data was normalized, the A percentage change was significant 
(p < 0.01). 

During flexion at 30°, the experimental group achieved a 23 percent 
(p < 0.005) improvement in strength between pre- and post-test. The 
normal group achieved comparable results (p < 0.01). The post-test 
means for flexion at 30° were found to be not significantly different 
for the two groups (Appendix H, Figure 4). When the data was normalized 
the A percentage change was not significant. 

With regard to maximal knee extension and flexion at 60° per second 
angular velocity, the training group experienced a 19 percent (p < 0.01) 
improvement in extension and a 28 percent (p < 0.001) improvement in 
flexion (Appendix H, Figure 5) in pre- to post-test means. The post- 
test means were found to be not significantly different for the two 
groups. When the data was normalized, the A percentage change was not 


Significant for extension or flexion. 


Muscular Endurance Measures 

In regard to total work the experimental group demonstrated a 29 
percent (p<0.001) improvement in extension and a 35 percent (p < 0.001) 
improvement in flexion. The normal group did not demonstrate significantly 


different results (Appendix H). The post-test means were found to be not 
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significantly different for the two groups (Figure 6). When the data 
for flexion was normalized, the A percentage change for flexion was 
Significant (p < 0.01) and for extension was not significant. 

During the muscular endurance test, the time of exercise was 
recorded and was used to determine extension and flexion in newton- 
meters per second. The training group demonstrated a 39 percent 
(p < 0.001) improvement in extension and a 47 percent (p < 0.001) 
improvement in flexion in pre- to post-test. The pre- to post-test means 
for the normal group were found to be not significant for extension and 
Significant (p < 0.05) for flexion. Subsequent Scheffe tests demonstrated 
Significance (p < 0.05) for post-test extension and flexion means in 
relation to time (Appendix H, Figure 7). When the data was normalized, 
the A percentage change for extension and flexion was significant 


(o2< 0:01): 
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CHAPTER IV 
DISCUSSION 


The 15 experimental subjects completed the eight week program without 
incident. As observed in the results, the training subjects worked at 
relatively high heart rate intensities throughout the program. The 
subjects commented on the lack of muscle soreness associated with 
the training program. Fox (19) has shown that muscular soreness is least 
following isokinetic contractions. Perrine's (11) observations support 
these findings: 

An isokinetic exercise does not cause a muscle to contract 
eccentrically following a concentric contraction; in fact the 
opposite muscle group can be loaded to its relative maximum on 
the return movement of a full repetition. Thus, a muscle can 
relax briefly and receive circulation in between every contrac- 
tion. This may even produce a pumping effect on circulation and 
experience indicates that it provides freedom from the muscular 
ache and lingering weakness commonly developed in uninterrupted 
contraction exercises. Thus in addition to the potential physio- 
logical and metabolic benefits with intermittent contractions, 
the freedom from discomfort may be important to an incentive for 
exercising regularly. 
Although the investigation of muscle soreness was not a purpose of this 
Study, its absence promoted continued participation by the experimental 
group. Further research is required to investigate muscle soreness 
associated with the use of hydraulic resistive equipment. 

The experimental group participated in no other physical training 
activity other than the training program. Although the normal group was 
asked to refrain from starting any new systematic or vigorous activity 
during the course of the study, it was observed in the post-test question- 
naire that this was not the case. Six members of the normal group 


were required, by work regulations, to attend fitness classes three times 


per week throughout the training period. The classes consisted of 
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fifteen minutes of calesthenics and conditioning and thirty minutes of 
organized games. Additionally, two of the normal subjects had arrived 
and reported for work immediately prior to the study. Since they were 
new members of the work team, they were assigned jobs which involved 
heavy lifting tasks, such as working in heavy vehicle tire bays. 
Although these tasks were part of the job routine, there was a great 


deal of work emphasizing knee extension and flexion. 


Ventilatory Responses 


Maximum oxygen uptake is the most widely used dependent variable 
in assessing the magnitude of training effect (20, 21, 22, 23, 24, 25). 
In the present study, the experimental group demonstrated a 27 percent 
(p < 0.005) improvement from pre- to post-test (9.69 ml/kg/min). These 
changes are relatively high and even exceed those reported in some 
running programs, Of 15 to 20 percent increase (26, 27, 28). 

Using Cybex isokinetic training devices Gettman et al. (29) reported 
a 3 percent (p < 0.05) improvement in aerobic capacity as measured on a 
treadmill test, after the initial eight weeks of a circuit strength 
training program. In a subsequent study Gettman et al. (30) demonstrated 
a 17 percent (p < 0.05) improvement in VOomax as measured on a treadmill 
test with a group of men involved in circuit weight training (CWT) using 
Universal Gym Inc. machines. The training subjects were required to run 
for 30 seconds following each CWI station. A second group was required 
to do CWT only and showed an improvement of 12 percent (p < 0.05) from 
pre- to post-test. 

In a study by Satre (31) the training group showed a 15 percent 
(p < 0.001) increase in aerobic power from pre- to post-test as a 


result of training for 10 weeks using a variety of Hydra-Gym machines. 
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In Satre's study, the pre-test group mean was very close to that 
observed in the present study (35.73 versus 35.3 ml/kg/min). In Satre's 
study the method of predicted maximal performance was used to measure 
VO,max. The accelerated improvement in the present study in regards to 
post-test VO,max may be associated with the increased intensity and 
frequency of training when compared to previous works (29, 30, 31). 

Whereas VO,max provides a relative figure for oxygen uptake in 
consideration of the subject's body weight, oxygen uptake (VO. ) provides 
an absolute figure for the measurement of increases in aerobic power. 
The experimental group demonstrated a 26 percent (p < 0.05) increase in 
VO. between pre- and post-test. 

Minute ventilation (Vemax ) increases in pre- to post-test scores 
for the training group, for the most part, is directly proportional to 
increases in the amount of oxygen consumed and carbon dioxide produced 
per minute by the working muscles (32). Vemax increased by 16 percent 
(N.S.)'in the experimental group from pre- to post-test; however, the 
difference between post-test means was significant (p < 0.05). The 
increase in Vemax represents a mean difference of 23.3 liters/min~! 
between pre- and post-tests. Gettman (33) previously reported significant 
increases in both isotonic and isokinetic maximum pulmonary ventilation. 
Mean differences of 11.6 and 10.3 liters/min 7! between pre- and post- 
test were reported after 20 weeks of training (33). In contrast, Nagle 
and Irwin (20) and Butta (34) reported no significant differences pre- 
to post-test between experimental and control groups in Vemax after 
training with weights for 8 ari 6 weeks respectively. 

The evidence of the present study strongly suggests that aerobic 
power can be significantly increased using hydraulic resistive apparatus 


training. The results of this study were achieved over a shorter duration 
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than in previous investigations (Gettman [7] - 20 weeks, Gettman [30] - 
12 weeks, Satre [31] - 10 weeks) which demonstrated significant improve- 
ments. In the present study, the program did not involve any other 
exercise other than that performed on the equipment. In the study by 
Gettman (30) which demonstrated the highest previously recorded improve- 
ments in VO,max , the training subjects were required to run for 30 
seconds following each CWT station. 

The physiological responses that were observed with training on the 
hydraulic equipment implies that intense work can produce improvements 
at a faster rate than can other types of equipment studied (7, 10, 20, 
29, 30, 33). This may be attributable to the nature of the hydraulic 
resistive equipment. The equipment permits exercise of both agonistic 
and antagonistic muscles during the same exercise bout. This type of 
exercise has been suggested to produce a muscle pumping action which 
aids the flow of blood to the working muscle, unlike the blood occlusion 
that occurs during other contractions (19). As a result, acute muscle 
soreness due to lack of adequate blood flow and delayed soreness which 


is greatest following eccentric contractions (19) is reduced. 


Another factor which may account for the improvements in the ventila- 


tory measures in the present study is the hydraulic resistive equipment's 
capability allowing the muscles to receive near maximum resistance 
overload with each repetition. Unlike isokinetic apparatus, the speed 
of movement is not pre-set on the machine. The hydraulic equipment 
allows for a self-accommodating resistance which is dependent upon the 
speed of movement, the user; therefore, achieves a high accommodating 
resistance overload at the beginning of the set when the muscles are at 
their peak energy level and also at the end of the set when muscles are 


fatigued. Thereby an individual should do more work, with less chance 
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28 
of local fide Sa fatigue and consequently place greater demands on the 
cardio-respiratory system than with other types of exercise equipment. 

Perhaps the greatest problem interpreting the results of this study 
and other studies using different types of equipment is equating the 
total amount of work done or the intensity of the training sessions. 

In the present study, one method of monitoring intensity was the obser- 
vation of heart rate responses to the training sessions. 

Initially, the primary purpose for monitoring heart rate was to 
ensure that the subjects were not overly stressed by the training regimen. 
As the study progressed it became apparent that the subjects were using 
the devices for self motivation (35) (i.e., improving responses by 
working harder in order to increase their percent of maximum heart rate 
in comparison to previous performance and competing against their training 
partner). The Exersentries became motivating devices that seemed to 
promote increased intensity in regards to heart rate response to the 
training. 

This type of stimulus coupled with the fact that much larger 
quantities of high intensity work can be performed qe aH than 
continuously (21, 36, 37), in the author's opinion, might well be 
responsible for the major success of the training method used in this 


Study. 


Muscular Strength and Endurance 

In this study, the measurement of change in muscular strength and endur- 
ance was carried out on the right leg during maximal extension and flexion 
efforts. Moffroid observed that the study of the quadricep muscle group 
is simpliest: "The muscle has a distinct force variation through a range 


of motion and one can be relatively assured of correctly observing peak 
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torque and the point in the range of motion where it occurs. This is 
not as true for the hamstring muscle group" (38). 

Thistle et al. suggested that: "The measurement of torque is the 
best index of muscular contraction since exercises which involve lift- 
ing of weights are difficult to interpret as tests of improvement in 
training programs" (39). Strength was measured in this study on the 
Cybex II at angular velocities of 30° per second and 60° per second and 
peak torque was recorded. At an angular velocity of 30° per second, 
the experimental group improved 20 percent (p < 0.005) during extension 
and 23 percent (p < 0.005) during flexion. The normal group demonstrated 
comparable improvements. As a result, the post-test means were not 
significant. The strength results at an angular velocity of 60° per 
second showed the same tendencies. 

Muscular endurance was measured in terms of total work and total 
work per second at an angular velocity of 180° per second. It was 
considered to be attained when the subject reached 50 percent of the 
peak maximal torque achieved at the start of exercise. In terms of 
total work, the training group improved 29 percent (p < 0.001) in exten- 
sion and 35 percent (p < 0.001) in flexion. The normal group did not 
change significantly. The post-test means were not significantly 
different. 

Muscular endurance was defined by Moffroid (38) as the average 
power output over a given period of time. It could be quantified in 
units of newton-meter of work per second. It was concluded that the 
amount of work done was not as important as the rate at which it was 
done (38). This supports the theory of Hellebrandt (48) that: "power 
Ra? ks® Na tt) is the variable on which the extension of the limits of 


performance depends". Thusly, the importance of showing improvements 
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in the rate of doing work was considered to be the most meaningful in 
expressing the results of this study. 

With regards to total work per second, the training group improved 
39 percent (p < 0.001) in extension and 47 percent (p < 0.001) in flexion 
in pre- to post-test. The normal group did not change in extension but 
had significant changes (p < 0.05) for flexion. Post-test means were 
Significantly different (p < 0.05) for flexion and extension for the 
_two groups. 

A factor which must be considered in this study is that the normal 
group made excelent improvements in maximal knee flexion and extension 
at 30° and 60° per second angular velocity. This may be attributable to 
their 'normal' activity level, described in the results, and may have 
contributed to the lack of statistical difference in post-test means on 
the Scheffé tests. 

‘. The normal group was highly motivated to improve their personal level 
of fitness. Prior to assignment to the experimental or normal groups, 
several of the subjects indicated that they intended to train whether or 
fat they were selected for the training program. The post-test question- 
naire (Appendix C) identified eight normal Subjects that either trained 
Or were involved in heavy muscular activity. It is possible that other 
normal subjects did not identify activities that may have improved their 
fitness level. This may have occurred as a result of the conflict between 
the individual's desire to become more fit and the researcher's request 
to refrain from starting new or systematic or vigorous activity during 
the course of the study. 

The speed of training of the normal and experimental groups in 
comparison to the speed of testing may advantage the normal group. The 


members of the normal group that trained regularly during the program 
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participated in large muscle activity involving slow, static contractions. 
The experimental test subjects completed repetitions as quickly as 
possible in the exercise time frame. Although it was not possible to 
calculate the exact speed of exercise due to the various resistance 
settings and individual efforts of the subjects, the author estimates that 
the subjects trained at varying angular velocities with a mean score 
greater than 120° per second throughout the training period. Moffroid 
(38) has shown that fast training produced almost the same results at 
both the high and low velocities, while slow training produced markedly 
better results at the low velocity. In this study the experimental 

group showed improvements, however, the choice of test speed (30° and 

60° per second) may advantage the normal (slow training) group. Moffroid 
(38) has shown that low power (low speed, high load) exercise produces 
greater increases in muscular force only at slow speeds. Perhaps it 
would be more appropriate to test at higher speeds in order to ensure 
that training effects achieved during training by the normal group are 
not advantaged by slow speed tests. 

The effect of learning on both normal and experimental pre- to 
post-test scores may account for part of the improvement shown by both 
groups. It was not possible to schedule more than one pre- and one 
post-test session due to the subjects' work schedules. A training 
session on the test equipment may have provided an opportunity to 
experience the Cybex II resistance prior to the actual test. Asa 
result, part of the improvement experienced by both groups may be 
attributed to equipment familiarity associated with pre- to post-test 
learning. 

Since there is little research information available on hydraulic 


equipment, comparisons will be made with other equipment described in 
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the Tecra tive? Gettman et al. (33) observed a lack of difference 
between isotonic and slow isokinetic training in their 20 week study 

at 3 sessions per week. All subjects were tested isotonically and 
isokinetically for strength gains. In contrast, Rosentswieg and Hinson 
(41) compared training involving isometric, isotonic and isokinetic 
contractions using integrated electromyograms. Their analysis was based 
On the assumption that the exercise mode that caused the greatest 
intensity of electrical activity in a muscle will produce the greatest 
training effects. These results were in agreement with Thistle et al. 
(39): isokinetics was slightly ahead of isotonics with isometrics 
last. The generalization of these findings other than to electrical 
activity in the muscle is evident. 

Pipes and Wilmore (12) analyzed the effects of an eight week, iso- 
kinetic and isotonic training program on strength and other parameters. 
In their opinion, the results demonstrated a clear superiority of iso- 
kinetic training procedures over isotonic procedures relative to strength 
(12). | 

The choice of the most appropriate method to strengthen muscle has 
not been clarified. Atha (42) suggests that: "Differences between 
methods appear to be swamped by differences within them, for the 
training effects produced are dominated by the chosen regimen (i.e., by 
the scheduling of training load, frequency, duration, speed and rests)". 

The primary difference between isokinetic equipment and the equip- 
ment used in the present study is that the hydraulic equipment speed of 
movement is not mechanically pre-set but controlled by the individual 
muscles contractile properties as described previously. The author is 
in agreement with Atha (42) in that: "The most important property of 


the strengthening stimulus remains the intensity of the loading on the 
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muscles". Perhaps the stimulus provided by the hydraulic equipment is 
most appropriate in that it is not pre-determined by the equipment. 

The present study has observed significant improvements in cardio- 
respiratory and strength parameters following eight weeks of hydraulic 
apparatus training. Considerable comparative investigation remains to 
be completed before a full understanding of the mode of training is 


available. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 


Purpose 


The purpose of this study was to examine the effects of an eight week 
program of circuit training using hydraulic resistive apparatus on 
VO,max. A secondary purpose was to observe changes that occur in 
muscular strength and endurance of the quadricep and hamstring muscle 


group as a result of the training. 


Sample Selection 


Volunteer subjects were randomly assigned to either the experimental 
or normal group. The normal group was requested not to start any new 


systematic or vigorous activity during the course of the study. 


Procedures 

All subjects were tested immediately prior to the start of the program 
and immediately after the end of the eight week training program. 

Ventilatory measures were taken during a continuous maximal bicycle 
ergometer test and measured by the Beckman Metabolic Measurement Cart 
while exercising on a Monark cycle ergometer. Maximal knee extension- 
flexion torque and endurance were measured using the Cybex II at angular 
velocities of 30° and 60° per second to measure strength, and at 180° 
per second, until 50 percent of the maximal torque value was reached in 
order to measure functional muscular strength or power. 

The training program involved 8 pieces of Hydra-Gym hydraulic 
resistive equipment and was based on principles of circuit training using 
intermittent exercises. The subjects trained on alternate days for eight 


weeks. During the first four weeks the subjects trained with a work: 
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relief ratio of 20:40 seconds. During the final four weeks of the study, 
a work:relief ratio of 30:50 seconds was used. 

A two-way analysis of variance was used to analyze the data: the 
rows corresponding to methods (i.e., normal and experimental group) (A); 
the columns to time intervals (i.e., pre-test, post-test) (B). Scheffé 
tests were used to compare selected means. 

Pre-training t-tests were calculated for the dependent variables 
to confirm group equivalence. Pre-test means were not significantly 


different for any of the variables (p < 0.05) (Appendix G). 


Results 
The following results were observed: 
1, VO,max 
The experimental group showed a 27 percent (p < 0.005) increase 
from pre- to post-test while the normal group did not change. The 
difference between the training and normal group for post-test 
means was significant (p < 0.05). When the data was normalized, the 


A percentage change for VO,max was significant (peo 0.001). 


WO, 


The experimental group showed a 26 percent improvement (p < 0.05). 


from pre- to post-test while the normal group did not change. The 
difference between the training and normal group for post-test means 
was significant (p < 0.10) (18). When the data was normalized the 

A percentage change was significant (p < 0.001). 


max 


ibs 


The experimental group showed a 16 percent improvement which 
was not statistically significant. The normal group did not change. 


The difference between the post-test means was significant (p < 0.05). 
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The normalized data demonstrated the equivalent level of significance. 
Strength 30° Angular Velocity per Second - Extension 

The experimental group improved their performance by 20 percent 
(p < 0.005) from pre- to post-test. The normal group showed no 
Significant change. The difference between post-test means was 
Significant (p < 0.05). When the data was normalized, the A. percentage 


change was significant (p < 0.01). 


Strength 30° Angular Velocity per Second - Flexion 
The experimental group demonstrated a 23 percent (p < 0.005) 


improvement from pre- to post-test. The normal group showed 
comparable results (p < 0.01). The post-test means were not signifi- 
cantly different. When the data was normalized, the A percentage 
range was not significant. 
Strength 60° Angular Velocity per Second 

The training group improved 19 percent (p < 0.01) in extension 
and 28 percent (p < 0.001) in flexion from pre- to post test. The 
normal group did not significantly improve in extension but. improved 
significantly in flexion (p < 0.001). The post-test means were found 
to be not significantly different. When the data was normalized, the 
A percentage change was not significant for extension or flexion. 
Total Work 180° Angular Velocity per Second - 50 Percent Drop-Off 

The experimental group improved 29 percent (p < 0.001) in 


extension and 35 percent (p < 0.001) in flexion. The normal group 


did not change significantly. There was no significant difference 


between post-test means. When the data was normalized, the A 
percentage change for flexion was significant (p < 0.05) and not 


Significant for extension. 
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8. Total Work per Second 
The training group demonstrated a 39 percent (p < 0.001) 


improvement in extension and a 47 percent (p < 0.001) improvement 
in flexion. The post-test means were found to be significantly 
different (p < 0.05) for extension and flexion. When the data was 
normalized, the A percentage changes for extension and flexion were 


Significant (p < 0.01). 


Conclusions 
Within the limits of this study, the following conclusions have 

been made: 

1. Aerobic power can be significantly increased utilizing hydraulic 
resistive equipment. 

2. Knee flexion and extension strength can be significantly improved 
using hydraulic resistive equipment. 

3. Knee flexion and extension endurance can be significantly increased 


using hydraulic resistive equipment. 


Recommendations 

Further research is required to expand upon the findings of this 
study using a variety of exercise and measurement techniques. Subjects 
with higher initial VO,max Should be observed to determine if comparable 
results can be achieved. Tests of muscular strength should be carried 
out at higher angular velocities in order to observe changes in strength 
associated with training at increased speeds. The lack of muscle sore- 
ness throughout the program may be a positive factor in promoting continued 
activity. Further investigation on the training responses associated with 


the use of hydraulic resistive equipment is recommended. 
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APPENDIX A 


REVIEW OF LITERATURE 


The benefits of weight training programs have been discussed at 
length in the available literature. Hydraulic resistive apparatus is a 
relatively new idea and as a result there is little research information 
available. The literature review, therefore, will consider related 
areas in order to develop the training program used in this study. 
Section I reviews studies that deal with acute cardio-respiratory 
responses to weight training. Section II deals with muscular contraction 
and training programs. Section III presents considerations in developing 
a cardio-respiratory training program. Section IV considers intermittent 
exercise as a method to enhance cardio-respiratory function. The many 
variations in the cited studies in exercise mode, frequency, duration 
and intensity make direct study comparisons difficult and should be 


considered as a limiting factor in their interpretation. 


Section I. Cardio-Respiratory Responses to Weight Training 


As early as 1950, Capen undertook a research program aimed at 
determining the effects of systematic weight training on strength, 
athletic power and on muscular and circulo-respiratory endurance. Capen 
(43) found that weight training twice per week for three months was as 
effective in the development of circulo-respiratory endurance as was a 
program of activity which especially emphasized endurance. The subjects 
elapsed time for a 300 yard run was used as a criterion measurement of 
circulo-respiratory endurance. Capen found that the group that trained 
with weights improved in the 300 yard run by 6.2 percent. Observation 


of the results indicates that the external validity of this study could 
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be suspect due to the lack of control exhibited in the selection of the 
experimental group and the appropriateness of the pre- and post-program 
tests on which the conclusions were based. 

Nagle and Irwin (20) conducted an eight week training program, three 
days a week, in which the 60 experimental subjects were assigned to 
either a low repetition high resistance group (LH), or to a high repeti- 
tion low resistance group (HL). Heart rate, oxygen consumption and 
ventilation was monitored during pre- and post-tests on a bicycle 
ergometer. The endurance test was terminated when a heart rate of 180 
bpm was attained. Free weights were used in the 13 exercises employed 
during training, with group LH performing two sets of each exercise for 
a maximum of five repetitions and group HL two sets of each exercise, 
with a maximum of five repetitions on the first set and twelve on the 
second set. 

Although both groups improved in oxygen consumption in post-test 
measurement, the changes were not significant. It was concluded that 
five to fifteen repetitions per set had no significant effect on oxygen 
consumption determined during bicycle ergometry (20). 

Girandola et al. (8) considered the effects of nine weeks of physical 
training on aerobic capacity and body composition of 29 college men. 
Each subject completed circuit training consisting of calisthenics, 
running and weight training, two days a week. Oxygen uptake, minute 
ventilation and heart rate were monitored during pre- and post-tests on 
a bicycle ergometer. Oxygen uptake was calculated for the nine fattest 
(more than 20 percent fat) and nine leanest (less than 10 percent fat) 
subjects. | 

Results of the study showed a 6.4 percent improvement in VO,max. 


Analysis of the findings indicated that there was a greater change in 
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VO,max for the fat group, in absolute and relative terms. For the lean 
group, there were no differences among VO.omax values. It was concluded 
that in assessing cardio-respiratory adaptation of relatively obese 
persons to physical training, lean body weight should be used as the 
reference standard. 

The results of Butta (34) are in agreement with those of Nagle 
and Irwin (20). Twenty-seven male subjects performed ten circuit 
training exercises three times per week for six weeks. Thirty-six 
seconds were allotted to complete ten to fifteen repetitions, separated 
by a 90 second rest interval between stations (34). Statistical analysis 
revealed no significant differences between groups on the pre- and 
post-test means of predicted VOomax. Butta (34) concluded that weight 
training did not result in enhanced endurance capacity as measured on 
the bicycle ergometer. 

Allen et al. (44) examined the effects of cardiovascular training 
following high sustained heart rates during weight training, using both 
high resistance and low repetitions. The program was conducted on 
Universal Gym and the subjects worked for thirty minutes, three times 
per week for twelve weeks. Work time was 30 seconds with a 60 second 
rest interval between stations for the completion of three circuits of 
six exercises. At the last circuit, work was performed to exhaustion. 
There were no significant changes in VO,max during arm or leg work 
following training. The researchers concluded that weight training has 
no effect on the cardiovascular response to exercise. 

Wilmore et al. (10) pone dered the effects of circuit weight 
training on 26 male and 23 female subjects. They were divided into 
experimental and control groups. The subjects exercised for ten weeks, 


three times per week at 40-55 percent of one repetition maximum (R.M.). 
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They performed aS many repetitions as possible in 30 seconds, followed 
by a 15 second rest period. The circuit consisted of ten stations on 
a Universal Gym and three sets of the circuit were performed. The 
women showed a significant change in VOomax , while the men did not. 
Since the men's initial values of VO,,max were 34.4 percent higher than 
their female counterparts, it was concluded that more intense work may 
have been required to increase the relatively high VO,max levels of 
the males. 

Gettman et al. (7) compared 11 male subjects and 14 controls after 
training three days per week for 20 weeks. The circuit consisted of 
ten Universal Gym stations, performed in two sets of 15 repetitions 
with 20 to 25 second rests between exercises. Covariance analysis 
showed no significant difference in VO,max expressed relative to lean 
body weight in the experimental group. The researchers concluded that 
this type of program produced only a small aerobic effect as measured 
on the treadmil1 ériduranee run. 

Hickson et al. (9) considered the effects of heavy resistance 
training (HRT) on nine male subjects. The subjects completed 3-5 sets, 
five times per week for ten weeks using a combination of free weights 


and Universal Gym equipment. All exercises were performed with as much 


weight as possible and sets were separated by three minute rest intervals. 


The researchers concluded that HRT is capable of dramatically increasing 
short term endurance when the muscles involved in the training are used 
almost exclusively during the testing without an accompanying increase 
in VO,max. | 

In another study by Gettman et al. (30) the physiologic effects of 
a program of combined running and weight training were compared with 


a program of circuit weight training. Thirty-six females and 41 males 
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were assigned to either of the previous groups or to a control group. 
The training groups participated in a 12 week program, three days per 
week. Three circuits of ten weight-training exercises were completed 
with 12-15 repetitions performed in 30 seconds at 40 percent of one 
repetition maximum at each station. The combined running-weight 
training group included 30 seconds of running following each weight 
training station. The combined running and weight training group and 
circuit weight training group had significant increases in VO5max , and 
Strength and significant decrease in body fat. The controls did not 
change. 

Table A-1 presents an overview of the findings of training studies 
of 05 consumption responses to various forms of weight lifting. The 
lack of cardio-respiratory adaptation may be attributable to several 
factors: the training program used, the training program duration, the 
use of an inappropriate test to measure cardio-respiratory changes, or 
the type of equipment used and its emphasis on a specific muscular 


contraction. 


Section II. Muscular Contraction and Training Programs 


Resistance training programs are modelled around the contractions 
which predominate. Therefore, programs may be referred to as isometric, 
isotonic or isokinetic in nature. Each of the training programs has 
certain advantages and disadvantages. Perhaps the major criticism of 
isometric training is that it develops strength primarily at the joint 
angle of training, but less so at other angles (19). Isotonics tend 
to produce a more uniform development of strength. An isotonic contrac- 
tion is one in which the muscle shortens while lifting a constant 


resistance load with the muscular tension varying over the full range 
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of joint motion. The heaviest constant load that can be lifted through 
a full range of joint motion can be no heavier than the weight that 

can be lifted at the weakest point of the muscle. In A-2 (19) the 
weakest point of the elbow flexor muscles through a range of motion 
between 40° and 80° was 48 pounds, and occurred at 40°. Therefore, 

the heaviest load that can be lifted through that range of elbow 
flexion is 48 pounds. The muscle is near maximally contracted only at 
the joint angle of 40°, or at its weakest point. At its strongest 
point (115° to 120°) the muscle is contracted to only 53 percent of 

the maximum. This is a definite disadvantage with respect to strength 
training programs that involve only isotonic contractions using constant 
loads (19). 

Isokinetic resistance training procedures are significantly better 
in bringing about changes in muscular strenth, body composition, and 
motor performance tasks than are standard isotonic resistance training 
procedures (19). A breakdown of the advantages and disadvantages of 
isokinetic, isotonic and isometric programs is given in A-3. The 
type of muscular training with the overall best rating is the isokinetic 
program. Also there is thought to be the least possibility of injury 
to the user. This is said to be attributable to accommodating the 
resistance which varies to match the force being applied throughout the 
range of motion, such that less resistance always meets less force and 


greater resistance always meets greater force. 


Section III. Development of a Cardio-Respiratory Training Program 


The development of cardio-respiratory training programs requires 
careful consideration of the variables of concern. Wenger et al. (45) 


reported that the most important independent variables which influence 
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APPENDIX A-3 


SUMMARY OF ADVANTAGES AND DISADVANTAGES OF THE 


THREE MOST COMMON TYPES OF RESISTANCE TRAINING PROGRAMS 


Comparative Rating 


ox [3] 
Criterion Isokinetic 

Rate of Strength Gain E 
Rate of Endurance Gain E 
Strength Gain over Range of Motion 5 
Time per Training Session G 
Expense P 
Ease of Performance G 
Adaptability to Specific 

Movement Patterns E 
Least Possibility of Muscle 

Soreness E 
Least Possibility of Injury E 
Skill Improvement E 
Ease of Progress Assessment P 


E - Excellent G - Good 


Isometric 


P - Poor 


Isotonic 


Oo GG 
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optimal achievement of training effect during endurance training are 
exercise intensity, duration, frequency and initial fitness level. 
Maximum oxygen uptake is the most widely used dependent variable in 
assessing magnitude of training effect (20, 21, 22, 23, 24, 25). Shephard 
(46) suggests that there are two possible reasons as to why VO,max is 
Singled out as the best single measure of cardio-respiratory performance: 
1. It is the dominant physiological factor in most activities 
lasting 1 to 60 minutes, and 
2. Activities of this duration are of prime importance to the 
average person. 
Training at intensities relative to VO,max is considered an effective 
method of monitoring training of the cardio-respiratory system. Astrand 
(32) recommended that for an untrained individual, an exercise that 
demands an oxygen uptake exceeding 50 percent of his or her maximal will, 
when repeated two or three hours per week, gradually increase VO,max. 
He further stated that training at 80 percent of VO,max may elicit a 
good training effect (increases in VO,max of approximately 15 percent). 
These statements imply that it is necessary to monitor oxygen uptake 
during exercise; however, this can be very difficult in many situations. 
As an alternate method, it is possible to monitor heart rate as a 
method of determining intensity of training (1, 2, 10, 44). Astrand 
recommended that a heart rate of 195 minus the age in years is a good 
rule of thumb. Other methods include the Karvonen method (47) or the 
maximal heart rate method (19, 29). Although the threshold intensity 
varies among individuals, it has been suggested that training at a 
heart rate of 60 percent to 85 percent of their maximum heart rate as 
estimated according to age is appropriate (32, 44, 45, 47, 48). 


Exercise duration is important in the development of a program. 
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The minimum duration required for each training session is controversial 
(10, 26, 32). A minimum of not less than 20 minutes is often recommended. 
Frequency of training is another important determinant in improving 
cardio-respiratory functioning (7, 49, 50). Pollock et al. (51) demon- 
strated that maximum oxygen uptake and body composition improvements 
were superior in a 4-day per week conditioning program as compared to 3 days 
and 2 days per week programs, where intensity and duration were held constant. 
Fox et al. (52) found that frequencies between 2 and 5 days per week did 
not significantly affect gains in aerobic power. In contrast, Gettman 
et al. (30) demonstrated that a three times per week circuit weight 
training program produced significant increases in aerobic power. 
Wilmore et al. (10) selected exercise frequency on the basis of previous 
experience. Three workouts per week was the maximum frequency for novice 
weight lifters, as muscle stiffness and soreness are common. Pollock 
(51) recommended that four workouts per week was superior. However, there 
was someevidence (30, 32, 52) to support two or three workouts per week 
if the intensity of the program is sufficient. Thusly, the literature is 
divergent when considering exercise frequency. 
Another factor which must be considered is the length of time over 
which the subjects trained. Recent research emphasizes a period of ten 
to twelve weeks (9, 10, 44). Significant increases in aerobic power 
have been reported in relatively short periods. Wenger et al. (45) 
reported significant improvement in seven weeks. Gettman et al. (7) 
have. demonstrated significant results after extended periods to 20 weeks. 
It appears that the magnitude of change varies more with the intensity 
and frequency of training (25, 45, 50, 51, 53) rather than with the 


length of the program. 
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Section IV. Intermittent Exercise 

Astrand (32) has demonstrated that intermittent exercise with very 
Short work periods of 30 seconds or less imposes a very severe load upon 
muscle= and oxygen-transporting organs without the engagement of anaero- 
bic processes leading to any significant elevation of blood lactate. 
Thusly, it is possible to select the proper workload and work and rest 
periods in such a manner that the main demand is centered on: 1) muscle 
strength without a major increase in the total oxygen uptake, 2) aerobic 


processes without significantly mobilizing anaerobic processes, 


3) anaerobic processes without maximal taxation of the oxygen-transporting 


organs, and 4) both aerobic and anaerobic processes simultaneously. 
MacDougall and Sale (54) believe that during the shorter work 
periods a larger proportion of the total energy requirement comes from 
the high energy phosphate pool and from oxygen bound to myoglobin, each 
of which has an opportunity to be partially restored during even a brief 
30 second recovery period. 
Thusly, it has been demonstrated that intermittent exercise is a 


viable method to enhance cardio-respiratory function. 


Conclusion 

Many researchers have studied strength and muscular endurance 
changes that occur as a result of weight training and other resistance 
exercise machines. The study of cardio-respiratory adaptation to these 
training methods has been, for the most part, ignored as a possible 
means to improve cardio-respiratory efficiency. The selection of the 
most appropriate exercise duration, frequency and intensity is divergent 
depending upon the author analyses. Hydraulic resistive apparatus is a 


relatively new concept in resistance training. Little research has been 
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carried out on this equipment. The manufacturer claims that there may 
be practical advantages in conditioning the cardio-respiratory system 
Since anything from low power output with small muscle groups to ultra- 
high concurrent power outputs with larger muscle groups can be achieved 
(11). 

This study has observed the performance of the equipment over a 
relatively short training period (eight weeks) using circuit weight 
training and intermittent exercise. The results support the hypothesis 
that the magnitude of changes varies more with the intensity and 
frequency of training (25, 45, 50, 51, 54) rather than with the length 


of the program. 
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MODIFIED McARDLE CONTINUOUS BICYCLE PROTOCOL 


64 


APPENDIX B 


MODIFIED McARDLE CONTINUOUS BICYCLE PROTOCOL 


A Monark bicycle ergometer was pedalled at a rate of 60 revolutions 


per minute (RPM) paced by a visual auditory metronome. 


Minute by minute work output was monitored from a microswitch and 


counter assembly mounted on the frame of the ergometer. 


The test subject pedalled for two minutes at 1 KP (60 watts) 


resistance. 


For the next two minutes, the resistance was 2.5 KP (150 watts) and 
the load was increased .5 KP (30 watts) every two minutes until 
there was an increase of less than 80 ml/min in VO, measurement in 
two successive measurements or until the subject could no longer 


continue due to fatigue. 


During exercise, expired air was collected, measured for volume and 
analyzed for 05 and C0. content by the Beckman MMC at 30 second 


intervals. 


The bicycle was calibrated after each test in accordance with the 


Monark bicycle ergometer calibration specifications (55). 
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FORMS UTILIZED FOR THE PROGRAM 
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CONSENT FORM FOR EXERCISE TEST 


pita authorize the said Examiner 
of the University of Alberta 
and the Canadian Forces to administer and conduct an exercise fitness 
test designed to determine my cardio-respiratory capacity, muscular 
strength and endurance and percent body fat. 


I understand that the test for assessing cardio-respiratory capacity 
will involve performing on a bicycle ergometer at progressively increasing 
workloads until exhaustion. Throughout this period my heart rate will 
be monitored using an Exersentry monitoring device. My expired respira- 
tory gases will be measured by the Beckman metabolic measurement cart. 
Every two minutes during the exercise period the workload will be increased 
until there is an increase of less than 80 ml/min in VO, measurement 
or until I can no longer continue. 


I also understand that for assessing muscular strength and endurance 
that I will perform maximal knee extension-flexion torque at 60° per 
second and 180° per second until fifty percent of the maximal torque value 
is reached. These tests will be performed on the Cybex II testing 
apparatus. 


Percent body fat will be determined using a series of skinfold 
measurements using Harpenden Calipers. 


Every effort will be made to conduct the tests in such a way as to 
minimize discomfort and risk. However, I understand that just as with 
other types of fitness tests there are potential risks. These include 
episodes of transient lightheadedness, fainting, chest discomfort, leg 
cramps and nausea and extremely rarely, heart attacks. 


DATE SUBJECT 


(signature ) 


WITNESS 
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CONSENT FORM FOR PARTICIPATION 
IN A TRAINING PROGRAM 


ih give my consent to 
participate in a training program using hydraulic resistive apparatus. 
This program has been designed by Wayne Lee. 


I understand that I will train on alternate days, seven times every 
two weeks for a period of eight weeks. During each training session, I 
will perform three sets on eight exercise stations. During the first 
four weeks, I will complete as many repetitions as I can in 20 seconds. 
This will be followed by a 40 second relief interval. During the second 
four week period, I will complete as many repetitions as possible in 30 
seconds followed by a 50 second relief interval. The cylinder resistance 
setting for each station will be pre-set. However, individual differences 
will be accommodated based on the number of repetitions that I will 
complete in the work period. Once a predetermined level is reached, my 
resistance will be increased. 


I acknowledge that I have been fully informed and understand the 
specific details associated with the training program. I have also been 
familiarized with the training equipment. 


I have been informed that by notice given to the researcher that I 
may withdraw from this project at any time without prejudice. 


I have been informed that all data obtained in this study will be 
confidential. I will not be identified by name or any other means in 


Summaries, publications or reports based on this study. 


I have been informed of potential health risks associated with a 
program of this nature. 


DATE SUBJECT 
(signature ) 


WITNESS 
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Standardized Test of Fitness Appendices 


Physical Activity Readiness 
Questionnaire (PAR-Q)* 


PARTICIPANT IDENTIFICATION 


PAR Q & YOU 


PAR-Q is designed to help you help yourself. Many health benefits are associated with regular 
exercise, and the completion of PAR-Q is a sensible first step to take if you are planning to 
increase the amount of physical activity in your life. 


For most people physical activity should not pose any problem or hazard. PAR-Q has been 
designed to identify the small number of adults for whom physical activity might be inappropriate 
or those who should have medical advice concerning the type of activity most suitable for them. 


Common sense is your best guide in answering these few questions. Please read them 
carefully and check (\/) the O YES or O NO opposite the question if it applies to you. 


YES NO 

O O 1. Has your doctor ever said you have heart trouble? 

2. Do you frequently have pains in your heart and chest? 

3. Do you often feel faint or have spells of severe dizziness? 


. Has a doctor ever said your blood pressure was too high? 


00;0 Oo 
oo0ooa 


5. Has your doctor ever told you that you have a bone or joint problem such 
as arthritis that has been aggravated by exercise, or might be made 
worse with exercise? 


a) 
0 
fo) 


. Is there a good physical reason not mentioned here why you should not 
follow an activity program even if you wanted to? 


. Are you over age 65 and not accustomed to vigorous exercise? 


YES to one or more questions NO to all questions 


If you answered PAR-Q accurately, you have 
reasonable assurance of your present suitability 
for: 

e A GRADUATED EXERCISE PROGRAM - A 
gradual increase in proper exercise pro- 
motes good fitness development while 
minimizing or eliminating discomfort. 

@ AN EXERCISE TEST - Simple tests of fitness 
(such as the Canadian Home Fitness Test) 

programs or more complex types may be undertaken 
if you so desire. 


postpone 


Answered 


If you have not recently done so, consult with 
your personal physician by telephone or in person 
BEFORE increasing your physical activity and/or 
taking a fitness test. Tell him what questions you 
answered YES on PAR-Q. or show him your copy. 


After medical evaluation. seek advice from your 
physician as to your suitability for: 
© unrestricted physical activity. probably on a 
gradually increasing basis. 
© restricted or supervised activity to meet your 
specific needs, at least on an initial basis. 
Check in your community for special programs or 
services. 


If you have a temporary minor illness, such as a 
common cold. 


* Developed by the British Columbia Ministry of Health, Conceptualized and critiqued by the Multidisciplinary Advisory Board on Exercise (MABE) 
Translation, reproduction and use in its entirety is encouraged. Modifications by written permission only. Not to be used for commercial 
advertising in order to solicit business from the public 
Reference. PAR-O Validation Report. British Columbia Ministry of Health, 1978 

* Produced by the Britisn Columbia Ministry of Health and the Department of National Health & Welfare 
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Standardized Test of Fitness Appendices 


Confidential 


Lifestyle Information Questionnaire 


Your 


Activities 

The following 
questions are 
about some 
of your work 
and leisure 
activities 


> 


1. Here is a list that describes some of the ways people fee! at different times. During the past few weeks, how often have you felt. 


A. On top of the world? 
B. Very lonely or remote from other peoole? 


C. Particularly excited or interested in something? 


D. Cepressed or very unhappy? 


E. Pleased about having accomplished something? 


G. Proud because someone complimented you on something you had done? 
H. So restiess you couldn't sit long in a chair? 
|. That things were going your way? 


J. Upset because someone criticized you? 


2. Taking things all together. how would you say things VERY HAPPY PRETTY HAPPY NOT TOO HAPPY 
are these days — would you Say you re 21 21 21 
1 O 2 O 3 O 


1, Which of the following best describes how you spent your leisure time during the last two weeks? 
(Please check (, ) one box only) 
22 22 
1 oO Almost ali of it by myself <0 A lot of it with others 


22 22 
2 oO A lot of it by myself 5 O Almost all of it with others 


22 
3 oO About half of it by myself and half of it with others 


2 During the last two weeks Times in 
how many times did you do the last two 
following tasks around your home? weeks 


Minutes usually spent 


1-15 


25 
Mowing the grass 1 O 


28 
Shoveting snow iO 


ER) 
Cleaning floors 1 oO 
34 
Raking leaves iO 


Gardening 
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Standardized Test of Fitness Appendices 


2. a. Cont 
last two 


it'd 
v 1-15 16-30 


Making beds 

Carpentry 

Handyman work, painting 
troning 


Other (Please specify) 


I | 


40 
Or | 1 did nothing like this in the last two weeks 
3. During the last two weeks. how i 3. a. About how much time did you spend on each occasion? 
many times did you do any of 
the following exercises, sports 


or recreational activities? 
Minutes usually spent — 


1-15 


Walking (including to and trom 43 
work of school) 1 [a] 


n 
> 


n 
= 


¢ Or O: Os O8 O8 Oe Os 0 


“6 
Jogging er running 1 OD 


n 
> 


Calisthenics 


Bicycling (including to and from 
work or school) 


i) 
> 


cs) 


Bowling 


i) 
- 


Vigorous dancing 


> 


Os OF O: Os Os Os Os Os Os 


n 


Skating 


nN 


Skiing (downhill, crosscountry) 


Curling 


Racquet sports (tennis, badminton, 
squash, racquetball) 


Basebail/Softbal! 


Other team sports (hockey. basketball 
football. soccer. volleyball) 


Golt 

Swimming 

Other (Please specify) 

ee er 


100 
Or fey ! did nothing like this in the last two weeks 
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APPENDIX D 


SUBJECT TEST INSTRUCTIONS 
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HYDRAULIC RESISTANCE STUDY 


TEST/TRAINING ADVISORY 


TO: ALL PARTICIPANTS 
FROM: WAYNE LEE 


Prior to your testing session would you please note the following 


instructions: 


1. Do not smoke within ONE hour of the test/training session. 

2. Do not drink coffee or tea (or other beverages containing caffeine) 
within one hour of your test/training session. 

3. Do not eat within one hour of the test/training session. If you 
cannot avoid eating, please eat lightly. 

4. Do not consume any alcoholic beverages within twenty-four hours of 
your test/training session. 

5. Do not exercise strenuously within twenty-four hours of your test/ 
training session. 

6. Do be on time for your test/training session, if possible, please 


be early. 
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APPENDIX E 


TRAINING SESSION PROTOCOL, TRAINING CARD 
AND EQUIPMENT 
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TRAINING SESSION PROTOCOL 


Frequency: 7 workouts on alternate days every 2 weeks for 8 weeks. 
Total of 28 workout sessions. 


Duration: Warm-up and cool-down - 10 minutes 
Work period - 24-32 minutes 


Intensity: 1) as many repetitions as possible in exercise time frame 
2) three sets per workout 
3) first 4 weeks - 20 seconds work: 40 seconds relief 
second 4 weeks - 30 seconds work: 50 seconds relief 


Exercise 
Station station Sets Exercise Start Progression 
1 Jump Squat 1 Squat action 1 Based on number 
2 Squat action 5 of repetitions 
3 Squat action 3 
2 Bench Press 1 bench press ih Increases will occur 
2 bench press 5 in accordance with 
3 bench press 3 Manufacturer's 
recommendation (i.e., 
a Adducter/Abducter 1 add/ab i! 20 reps in 20 sec for 
Hip 2 add/ab 5 lst set, increase to 
3 add/ab 3 cylinder selection 2) 
4 Biceps/Triceps 1 bi/tri 1 
2 bi/tri 5 
3 bi/tri 3 
5 Hip Flexion/ 1 hip/flex ext 1 
Extension 2 hip/flex ext 2 
a hip/flex ext 3 
6 Upright row/ i upright row/tri 1 
Tricep Extension 2 upright row/tri 5 
3 upright row/tri 3 
7 Unilateral Quad/ 1 uni quad/ham 1 
Ham 2 uni quad/ham 5 
3 uni quad/ham 3 
8 Incline Shoulder i inc should press 1 
Press/lateral 2 inc should press 5 
pull 3 inc should press 3 
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NAME 
WEEK NUMBER 


TRAINING CARD 


DATE 


TIME 


WORK (SECS) 


STATION 


BICEPS 
TRICEPS 


HIP 
FLEXION 
EXTENS ION 


TRICEPS 


QUAD. 


SHOULDER 
PRESS 
LAT PULL 


REST (SECS) 


CYLINDER 
SELECTION EXERC ISE 


MEAN EX. H.R. 


PRE- EXERC ISE 
HEART RATE 


MAX H.R. 


7% MAX H.R. 


CARD NO. 


| 


NUMBER OF 
REPETITIONS 


POST- EXERC ISE 
HEART RATE 
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Jump Squat 


Bench Press 


TRAINING EQUIPMENT 


Li 
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Adducter/Abducter Hip 


6 


Biceps/Triceps 


4. 
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Hip Flexion/Extension 


Upright Row/Triceps 
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8. 


Quadriceps/Hamstrings 


Shoulder Press/Latissimus Dorsi 
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APPENDIX F 


INDIVIDUAL PROGRESSION PERFORMANCE CRITERIA 
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APPENDIX F 


INDIVIDUAL PROGRESSION PERFORMANCE CRITERIA 


Method: After each workout, individual performance was assessed and 
resistance setting amended, based on attainment of pre-selected 
repetition goals. This process continued as long as the 
experimental subject performed at pre-selected goals or until 
maximum cylinder selector ("6") was achieved. 


Increase Cylinder Selector 
if Repetitions Met or Exceeded 


Exercise Station Start 20:40 secs 30:50 secs 
Jump Squat 1 20 30 
5 12 18 
& 16 24 
Bench Press 1 20 30 
5 8 12 
3 14 21 
Adducter/Abducter Hip 1 20 30 
5 10 15 
3 15 22 
Biceps/Triceps 1 28 42 
5 12 18 
3 20 30 
Hip Flexion/Extension ie 36 54 
5 20 30 
3 28 42 
Upright Row/ 1 20 30 
Tricep Extension 5 8 12 
3 14 21 
Unilateral Quad/Ham 1 40 60 
S 20 30 
3 36 48 
Incline Shoulder Press/ i 20 30 
Lateral Pull 5 8 12 
3 14 Zu 


; 
EAS 
Spe 
% 
‘\ 
T a 


RINSE. 2oMA AMATI HOLZBARAORY ALITY! 


—— 


* J v = . os 
eeesan taibibic bat. Suotvow floss YS 
; no Seeed . bebacng ‘puligee aonss2t es 
at 24 rep ts agazows vidT = .2Ts0p: ‘nottitoge 


KLGKS9 aA 


a 


op betosts2-97q J5 bemretwig PJostdue: ‘Ppbabaties. <i.) i 
pavatios 2ew ("8") totoelee sabativo eS 
Fi) atasron! 
$a onara ts rE : 
oR ALS EAE feoet a 
29 + 05 M5232 - por? 
a els 5 te i Nae. —_——_ te 2 TT 

19 

=i re = 

4 & 

" ode 220v9 
& 

fh £ : 

= . Mo 
Qs a. 
er! a 
~~ ~ A —~ A 

~ i : Zi 

© A 

Ao “ f 

7 » & 

ae Do. | potanstx3\aotxslt- 

of eS ) : al 

BY id  % ry 

fs z tes 4 a ~ y 

he ‘ = ih 

' 


Pea 
- ~~ 


VvogQ 


Leds 


“ 


oe Te <a 


~ 
et 
* 
uy 
é 
é 


APPENDIX G 


T-TESTS ON DEPENDENT VARIABLES 


83 


SUMMARY OF T-TEST ON PRE-TEST 
DEPENDENT VARIABLES 


Degrees of t Critical 
Dependent Variable Freedom Ratio tS 
VO.max 28 1 | 2.048 
VO. 28 Teo] 2.048 
Vemax 28 1.00 2.048 
Strength 30° Flexion 28 1.00 2.048 
Strength 60° Flexion 28 Peek 2.048 
Strength 30° Extension 28 1.18 2.048 
Strength 60° Extension 28 L372 Se 2.048 
Endurance Total Work 28 0220 2.048 
Extension 
Endurance Total Work 28 italy 2.048 
Flexion 
Endurance Total Work/ 28 0.278 2.048 
Second Extension 
Endurance Total Work/ 28 0.270 2.048 


Second Flexion 
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APPENDIX H 


SUMMARIES OF GROUP MEAN, TWO-WAY ANALYSIS 
OF VARIANCE, AND SCHEFFE TESTS FOR 
DEPENDENT VARIABLES 
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